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ing device of a condition such as a low power condition of
the power source. The power source has an associated
controller that monitors the condition of the power source.
The power source receives a first threshold condition for a
power source, establishes a communications channel with an
external monitoring device, transmits a notification related
to the first threshold condition of the power source to the
external monitoring device through the communications
channel and discontinues the established communications
channel based on a reception condition of the external
monitoring device. The controller terminates notification
alter reception of an acknowledgment sent by the external
monitoring device or after an elapsed time. The communi-
cations channel can be a wireless communications channels
or can be a network such as the Internet.
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200

START

220
RECEIVE A FIRST THRESHOLD CONDITION FOR A POWER SOURCE

222

ESTABLISH A COMMUNICATIONS CHANNEL WITH THE EXTERNAL
MONITORING DEVICE

224
TRANSMIT A NOTIFICATION, RELATING TO THE FIRST THRESHOLD CONDITION

OF THE POWER SOURCE, TO THE EXTERNAL MONITORING DEVICE THROUGH
THE COMMUNICATIONS CHANNEL

226
DISCONTINUE THE ESTABLISHED COMMUNICATIONS CHANNEL BASED ON A
RECEPTION CONDITION RELATED TO THE EXTERNAL MONITORING DEVICE

FIG. 2
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400

S

230

RETRIEVE AN IDENTIFIER FOR THE POWER SOURCE FROM A STORAGE

LOCATION

232
ASSOCIATE THE IDENTIFIER WITH THE POWER SOURCE

FIG. 4

o200

240

OBTAIN, FROM A STORAGE LOCATION, A NETWORK ADDRESS OF THE EXTERNAL
MONITORING DEVICE

242
ACCESS THE EXTERNAL MONITORING DEVICE USING THE NETWORK ADDRESS OF

THE EXTERNAL MCNITORING DEVICE

FIG. 5
600
250
DETECT THE POWER SOURCE REACHING AT LEAST A SECOND THRESHOLD
CONDITION
252

TRANSMIT A NOTIFICATION, RELATED TO THE SECOND THRESHOLD CONDITION,
TO THE EXTERNAL MONITORING DEVICE VIA A COMMUNICATIONS INTERFACE
ASSOCIATED WITH THE CONTROLLER

FIG. 6
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METHODS AND APPARATUS FOR
MONITORING A POWER SOURCE

BACKGROUND OF THE INVENTION

Conventional electronic devices use power sources to
provide electrical power to the devices. For example, the
devices can use batteries as a power source. The use of
battery power can be required as a result of the limitations
on the availability of power from a central supplier (e.g.,
such as supplied through wall outlets), because of capacity
limitations, such as a restriction on the number of available
outlets, or as a consequence of the cost of cabling. Battery
power can also be required 1n devices demanding mobility
such as cellular telephones. In other cases, the power
requirements for certain electrical devices can be so small
that battery power 1s the most convement or economic
alternative for powering the devices. Such considerations
provide the basis for many battery powered devices such as
clocks, alarms, signs, computers, cell phones, and other
digital devices.

In high engagement devices (e.g., devices used by only
one or a few individuals, such as a laptop computers or
cellular telephones), the batteries must be replaced and/or
changed when the power level of the batteries reaches a
relatively low level. In high engagement devices a user or
users are likely to be aware of a low power condition of the
batteries and take responsibility for replacing the batteries as
needed. Low engagement devices (e.g., signs, fire alarms)
are devices with which the users have less intimate contact.
As a result of having somewhat remote contact with the
devices, the users are less likely to take initiative to change
batteries of the devices even when the batteries are due to be
replaced.

One type of prior art battery 1s a smart battery formed of
a power source and a processor. The smart battery 1is
equipped to perform measurements of temperature, output,
and discharge usage, of the battery itself, and to store that
information 1n accessible storage locations. Devices using
smart batteries read the measurement information from
those storage locations and use the information to manage
battery usage. For example, a laptop computer using a smart
battery can be configured to read the battery type, power
output or temperature from the processor of the smart
battery. The laptop, by processing that information, can take
actions such as reporting the remaining battery life to the
laptop user, shutting down the laptop computer i power
becomes low, or turning on a fan to cool the battery.

SUMMARY OF THE INVENTION

There are shortcomings to the conventional methods for
using batteries to provide power to electronic devices. For
example, with respect to low engagement devices, consider
a battery powered sign 1n a meeting room. Individuals who
use the meeting room are, i ellect, users of the sign.
However, there may not be a single user who depends on the
sign so significantly that he or she considers 1t his or her
responsibility to replace the battery powering the sign when
the battery power 1s depleted. As a consequence, there 1s a
greater likelithood that the batteries for such devices may fail
and 1n some cases, designers of such devices may avoid the
use of batteries for the devices.

In addition, 1n cases where the depletion of battery power
of a device or devices varies over time, 1t can be dithicult to
predict or determine when a device needs to have 1ts battery
changed, possibly even necessitating frequent checking of
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the status of such batteries by a user. This responsibility can
be significant 1f the user 1s responsible for maintaining the
batteries for a large number of low engagement devices.

One deficiency with smart batteries 1s that the devices
powered by conventional smart batteries require a display to
show the momtored power condition. For example, in the
case of laptop computers, the smart battery power condition
1s displayed on the computer screen, or in the case of a
cellular telephone, the telephone handset display shows
battery power conditions.

By contrast to the above-described conventional
approach, the system of the present invention 1s directed to
a power source module that enhances the momtoring and
replacement of low power or depleted batteries. The power
source module has a power source and a controller. The
controller can connected to an external monitor which
monitors threshold conditions (e.g., power levels) of the
power source independently of a powered device. This
arrangement provides monitoring options not available
using conventional techniques.

Embodiments of the invention provide a method for
sending a notification to an external monitoring device that
a first threshold condition of the power source (e.g., a NiCad
battery, alkaline battery, etc.) component of the power
source module (e.g., the battery, as the power source module
will also henceforth be referred to) has been reached. The
threshold condition 1s a pre-defined level or parameter of
battery operation, such as, for example, the predetermined
power level at which a battery 1s to be replaced. The
battery’s controller transmits the notification to the external
monitoring device. As a result, battery conditions for low
engagement devices can be more easily monitored.

In one embodiment of the invention, the threshold 1s a
predefined threshold condition, such as, for example, a level
at which the device using the battery would become no
longer operable or some other threshold condition. After the
controller of the battery receives information from the power
source that the threshold condition of the power source has
been reached, the controller uses a network address of the
external monitoring device, obtained from a storage location
associated with the battery (e.g., either physically packaged
with the battery and/or controller or with the battery pow-
ered device), to establish a communications channel (e.g.,
such as an Internet connection, wireless Internet connection
or other communications channel). The battery transmits a
notification over the communications channel to the external
monitoring device that a first threshold condition occurred.
One benelit of the embodiment of the imnvention i1s that use
of the communications channel to a electrical device
decreases the likelithood of the battery powered device
failing because the battery has gone dead.

The external momitoring device 1s configured to perform
an action upon receipt of the notification. For example, the
external monitoring device 1s configured to record the fact
that a particular battery must be replaced, or to notify a
technician to replace the battery. These features simplity the
administration of replacing batteries 1n battery powered
devices.

After the battery receives an acknowledgment from the
external momitoring device indicating that the external moni-
toring device recerved the threshold condition notification or
alter a pre-established time has elapsed, the battery closes
the communications channel i order to reduce further
consumption of battery power. The occurrence of a later
threshold condition (i.e., such as a second threshold condi
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tion) of the power source, can cause subsequent notification
transmittal by the battery.

In one embodiment, a controller associated with a power
source receives a first threshold condition from a power
source. The controller establishes a communications channel
with the external monitoring device, then transmits a noti-
fication, related to the first threshold condition of the power
source, to an external monitoring device through the com-
munications channel. Finally, the controller discontinues the
established communications channel, based on a reception
condition (e.g., receiving an acknowledgment from the
external monitoring device) related to the external monitor-
ing device. The reception condition may be an acknowledg-
ment that the external monitor returns to the battery upon
receipt of a notification or may be a time-out that occurs as
a result of not receiving the acknowledgment from the
external monitoring device or from some other type of
reception condition. Embodiments of the invention provide
procedures and mechanisms notifying an external monitor-
ing device of the condition of a battery.

In another embodiment, the controller discontinues the
established communications channel based upon reception
of an acknowledgment from the external monitoring device.
The acknowledgment indicates receipt of the notification.
By discontinuing the communications channel, the control-
ler reduces unnecessary battery power consumption.

In another embodiment, the controller discontinues the
established communications channel based upon the passage
of a predetermined time prior to reception of an acknowl-
edgment from the external monitoring device of receipt of
the noftification. This embodiment allows a reduction in
battery power consumption, even 1f the acknowledgment 1s
not received from the external monitoring device. For
example, in the case when the external monitoring device
tails, the external monitoring device does not send an
acknowledgment to the battery in response to the notifica-
tion. In that situation, the transmittal of the notification 1s
stopped after a pre-determined period of time to conserve
battery.

In one embodiment, the controller transmits the notifica-
tion as a wireless signal, to the external monitoring device,
using a wireless transmission device. Transmission of noti-
fications by wireless signal 1s sometimes less costly than
transmission using hard-wired connections because of the
cost of providing the hard-wired connections. Wireless
transmission 1s also sometimes desirable because the pow-
ered device 1s portable or otherwise cannot be attached to a
wireline network without impairing its primary function.

In another embodiment, the controller transmits the noti-
fication to the external monitoring device, according to a
procedure defined by at least one network protocol. The use
of a network protocol makes communications with remote
monitoring devices located a long distance from the battery
feasible.

In yet another embodiment, the controller activates the
communications interface in response to detecting the power
source reaching the first threshold condition. By doing so,
the controller takes the 1nmitial step 1n notifying the external
monitoring device that the power source has reached the first
threshold. The communications interface can be connected
to the private data networks and/or the Internet, allowing the
transmission of the notifications over long distances.

In st1ll another embodiment, the controller deactivates the
communications interface in response to receiving an
acknowledgment of receipt of the notification of the first
threshold condition from the external monitoring device. In
another embodiment, the controller deactivates the commu-
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nications interface in response to passage of a predetermined
time prior to reception of the acknowledgment from the
external monitoring device, the acknowledgment indicating
receipt of the notification. Deactivating the communications
interface reduces of power consumption of power from the
battery. By deactivating the communications interface
except when a notification must be sent, there 1s less power
consumed for commumnications than in a system with con-
tinuous external monitoring.

In one embodiment, the controller obtains, from a storage
location, a network address of the external monitoring
device. The controller then accesses the external monitoring
device using the network address of the external monitoring
device. The network address, such as an Internet Protocol
address, 1s the unique address by which the external moni-
toring device 1s 1dentified.

In one embodiment, the controller obtains power source
location mformation from a storage location and sends the
power source location mformation to the external monitor-
ing device. The external monitoring device uses the location
information to identily the physical location of the battery-
powered device, thereby aiding 1n the battery replacement
Process.

In another embodiment, the controller retrieves, from a
storage location, a network address for the power source and
associates the network address with the power source. In one
such embodiment, the network address of the battery power
source 1s a MAC (Media Access Control) address of the
battery that can be used for a variety of purposes, such as,
for example, to uniquely 1dentify different batteries operat-
Ing in one or more battery powered devices.

In yet another embodiment, the controller detects the
power source reachung at least a second threshold condition
and transmits a notification, related to the second threshold,
condition to the external momtoring device via a commu-
nications interface associated with the controller. Although
the mvention does not continuously report battery condi-
tions to the external monitoring device, as 1n some prior art
devices, embodiments of the mmvention are configured to
detect additional threshold conditions of the power source
after the occurrence of a first threshold condition and report
the additional threshold conditions to the external monitor-
ing device, as well.

Other arrangements of embodiments of the invention that
are disclosed herein include software programs to perform
the method embodiment steps and operations disclosed in
detail above. More particularly, a computer program product
1s disclosed which has a computer-readable medium includ-
ing computer program logic encoded thereon that, when
executed on at least one processor, causes the processor to
perform the operations (e.g., the methods) indicated herein
as embodiments of the mnvention. Such arrangements of the
invention are typically embodied as software, logic mstruc-
tions, code and/or other data (e.g., data structures) arranged
or encoded on a computer readable medium such as an
optical medium (e.g., CD-ROM), floppy or hard disk or
other a medium such as firmware or microcode 1n one or
more ROM or RAM or PROM chips or as an Application
Specific Integrated Circuit (ASIC). These software or firm-
ware or other such configurations can be installed onto a
computer system, data communications device or other
device to cause such a device to perform the techniques
explained herein as embodiments of the invention.

Embodiments of the mmvention also include computer
program products such as disks, or other readable media that
have a computer-readable medium including computer pro-
gram logic encoded thereon for controlling transmission of
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stream data between the client and stream servers in a
networked computer environment, such that the computer
program logic, when executed on at least one processing unit
with the computerized device, causes the at least one pro-
cessing unit to perform any or all of the aforementioned
methods. The methods embodiments of the invention may
be 1mplemented by computer soiftware and/or hardware
mechanisms within a data communications device appara-
tus. It 1s to be understood that the system of the invention can
be embodied strictly as a software program, as soitware and
hardware, or as hardware alone.

The features of the mvention may be employed 1n data
communications device and other computerized devices
such as those manufactured by Cisco Systems, Inc. of San

Jose, Calif.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular description of preferred embodiments of the
invention, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts
throughout the diflerent views. The drawings are not nec-
essarily to scale, emphasis 1nstead being placed upon 1llus-
trating the principles of the mvention.

FIG. 1 shows a system for notifying an external moni-
toring device of a threshold condition of a power source,
according an embodiment of the ivention.

FIG. 2 illustrates a tlow chart of a procedure performed by
the system of FIG. 1, 1n one embodiment of the invention.

FIG. 3 shows a system for notilying an external moni-
toring device of a threshold condition of a power source,
according to one embodiment of the invention.

FI1G. 4 1llustrates a flow chart of a procedure performed by
the controller of FIG. 3, according to one embodiment of the
invention.

FI1G. 5 1llustrates a flow chart of a procedure performed by
the controller of FIG. 3, according to one embodiment of the
invention.

FI1G. 6 1llustrates a flow chart of a procedure performed by
the controller of FIG. 3, according to one embodiment of the
invention.

FIG. 7 depicts a computer implementation of a power
source module, according to one embodiment of the mnven-
tion.

DETAILED DESCRIPTION

The 1nvention 1s directed to techniques and mechanisms
that enhance the momtoring and replacement of batteries in
low engagement devices. A battery notifies an external
monitoring device that the power source has reached a
predetermined threshold condition. After a controller of the
battery receives information from the power source that the
predetermined threshold condition (i.e., first threshold con-
dition) of the power source has occurred, the battery
retrieves a network address of the external monitoring
device, obtained from a storage location in the battery
powered device or the power source module, to open a
communications channel (e.g., such as an Internet connec-
tion, wireless Internet connection or other communications
channel) with the external monitoring device. The battery
then notifies the external monitoring device of the occur-
rence ol the threshold condition. The external monitoring,
device sends an acknowledgment to the battery veritying
that the external monitoring device recerved the notification.
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Upon recerving the acknowledgment or 1n the event that the
battery does not recerve acknowledgment, after a pre-estab-
lished time has elapsed, the battery closes the communica-
tions channel in order to reduce turther consumption of
battery power. The external monitoring device 1s configured
to act upon the notification received from the battery. As a
result, the external monitoring device allows battery replace-
ments to occur at an eflective time.

FIG. 1 shows a system 100 which 1s suitable for use by the
invention. The system 100 includes a device (e.g., a battery
powered device) 110, a network 140, and an external moni-
toring device 160. The device 110 includes a power source
module or battery 112, having a controller (e.g., a processor)
114, a communications interface 120, and a power source
116. F1G. 1 also shows a communications channel 135 that
allows communications between the device 110 and external
monitoring device 160 through the network 140.

The battery powered device 110, 1n one embodiment 1s a
“low engagement” battery powered device 110. A low
engagement battery powered device 110 such as a sign 1s an
clectronic device with which the users do not have a sense
or ownership or responsibility. As a consequence, the users
of a low engagement device 110 might not be aware that the
power source 116 has reached a threshold condition 1135
such as a low power condition of the battery powered device
110.

Embodiments of the invention provide a method and
mechanism for furmishing a notification 130 to the external
monitoring device 160 when the controller 114 detects a
threshold condition 115 of the battery 112, such as a low
power condition. The external monitoring device 160 can
be, for example, a computational device under the control of
someone providing a central maintenance function for one
or more devices 110 using batteries 112, and thus, serves to
focus attention, that may not otherwise exist, on the battery
112 replacement function for such low engagement devices
110.

The power source 116 provides the electric power used by
the battery powered device 110. At some point the power
source 116 of a battery powered device 110 reaches a
threshold condition 115, such as a low power state. The
controller 114 senses the threshold condition 115 and trans-
mits noftification 130 of the power source 116 having
reached the threshold condition 115 to the external moni-
toring device 160 over a communications channel 135 via
the communications 1nterface (e.g., a communications port).

The communications channel 135 provides an avenue for
transmittal of the notification 130 over the network 140. In
one embodiment, the network 140 comprises diverse inter-
connected networks such as wired LAN’s, wireless (e.g.,
802.11b) LAN’s, wide-area networks, and the Internet. One
end of the network or networks ultimately connect to the
external monitoring device 160.

For example, the wireless network can be connected to the
external monitoring device 160 over a network 140 com-
prising the Internet as at least one of the legs of the network
140. The connection to the Internet operates using a TCP/IP
protocol, as will be described 1n more detail later with
respect to FIG. 2. The communications channel 135 com-
municating over an Internet connection 1s capable of com-
municating over long distances. For example, the external
monitoring device 160 may operate at a location that 1s
remote from the location of the device 110.

Batteries 112 can provide alternative methods of commu-
nication between the controller 112 and external monitoring
device 160, according to embodiments of the invention. For
example, 11 multiple wireless transmission protocols were 1n
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place for possible use with a particular electrical device 110,
battery 112 and external monitoring device 160, by changing
the battery 112 providing power to the electrical device 110,
it 1s possible to change the protocol for communications
between the battery 112 and external monitoring device 160
from one wireless transmission protocol to a diflerent wire-
less transmission protocol. If the method of communication
(1.., the network protocols of available network connections
between the battery 112 and the external monitoring device
160) changes, 1t 1s possible to replace the battery 112 to
accommodate the new method of communications because
the battery 112 provides the communications interface.

This feature of the embodiments of the ivention also
makes possible the re-deployment of batteries 112, equipped
according to embodiments of the invention, in already-
existing battery powered devices 110. For example, 1n the
case of an already-existing sign with no circuitry 1n the sign,
to enable the sign to communicate with a particular external
monitoring device 160, a new battery 110 equipped with a
compatible communications interface 120 will provide the
sign with an ability to communicate with the external
monitoring device 160.

FIG. 2 1s a tlow chart of a procedure 200 for notifying an
external monitoring device 160 of the power source 116
reaching threshold condition.

In step 220, the controller 114 receives a first threshold
condition 115 from the power source 116. The controller 114
can detect that the power source 116 has reached a prede-
termined threshold condition 115 such as, for example, a
power output level lower than an optimal operating level.
The threshold condition 115 can be a power level or a
voltage of the power source 116, that, for example, permits
continued operation of the battery powered device 110 for a
short period to allow replacement of the battery 112. In an
alternate embodiment, the threshold condition 115 can rep-
resent the power level at which a battery 112 1s required to
be replaced (e.g., such that the battery produces negligible
voltage or power).

In step 222, the controller 114 establishes a communica-
tions channel 135 with the external monitoring device 160.
In one embodiment, the communications channel 135 1s
directed through the network 140. For example, the control-
ler 114 mmitiates a DHCP (Dynamic Host Configuration
Protocol) request 1n order to obtain an IP (Internet Protocol)
address, then establishes TCP/IP connections. The controller
114 then mitiates/responds to HTTP requests/responses
communicated between the battery 112 and the external
monitoring device 160. In one embodiment of the invention,
the controller 114 activates the communications interface
120 1n response to detecting the power source 116 reaching
the first threshold condition 1135 to establish a communica-
tions channel between the battery 112 and the external
monitoring device 160.

In step 224, the controller 114 transmits a notification 130
such as a “change me” notification, related to the first
threshold condition 115 of the power source 116, to the
external monitoring device 160 through the communications
channel 135. In one embodiment, for example, the controller
114 transmits the notification 130 to the external monitoring
device 160 according to a procedure defined by at least one
network protocol such, as the TCP/IP protocol. The notifi-
cation 130 informs the external monitoring device 160 that
the power source 116 has reached the threshold condition
115.

In step 226, the controller 114 discontinues (e.g., closes,
destroy, terminates, etc.) the established communications
channel 135 based on a reception condition 117 of the
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external monitoring device 160 (e.g., the reception of an
acknowledgment 130 from the external monitoring device
160 or the expiration of a pre-determined time period). By
discontinuing the communications channel 1335, battery
power consumption 1s thereby reduced, compared to con-
ventional approaches which maintain power consumption
due to continuous monitoring. Accordingly, in one embodi-
ment of the invention, the controller 112 also deactivates the
communications interface 135 in response to recerving an
acknowledgment 150 of receipt of the notification 130. In
another embodiment, the controller 112 deactivates the
communications interface 135 1n response to passage of a
predetermined time prior to reception of an acknowledgment
from the external monitoring device 160, the acknowledg-
ment 150 indicating receipt of the notification 130.

FIG. 3 illustrates a system 300 for notifying an external
monitoring device of a threshold condition of a power
source 116, according to one embodiment of the invention.

FIG. 3 shows a device 110 (e.g., a battery powered device
like a sign), a network 140 (including a wireless connection
145) and external monitoring device 160 with a network
address 119-1. The device 110 includes a power source
module 112 (e.g., a battery) having a controller (e.g., a
processor) 114 with a communications interface 120, and a
mechanism to discontinue the communications channel 123
and a power source 116, the power source 116 1s able to
access a storage location 121 containing a network address

119-2 of the external monitoring device 160 and location
information 122 of the battery 112.

As depicted 1n FIG. 3, the battery powered device 110 has
a storage location 121 that stores the network address 119-2
(1.e., equivalent to the address 119-1 of the external moni-
toring device 160) of the external monitoring device 160 and
the location information 122 of the battery powered device
110 (e.g., in the form of stored text). The storage location can
be computer memory, disk storage, or another mechanism
for storing information.

In one embodiment, when transmitting the notification
130, the controller 114 obtains power source location infor-
mation 122 from a storage location 121 and sends the power
source location mformation 122 to the external monitoring
device 160. For example, the power source location infor-
mation 122 1s information identifying the geographic loca-
tion of the battery powered device 110. This power source
location information 122 can be used by maintenance per-
sonnel, for example, to locate the battery powered device
110 1n order to replace the battery 112. In one embodiment,
the location information 122 1s an address, building number,
floor, or a room containing the device 110 and battery 112.
In another embodiment, the location information 122 1s a set
ol geographic coordinates. In another embodiment the loca-
tion mnformation 122 1s “key” (e.g., opaque) data that could
be used for a database lookup to retrieve more detailed and
complex information than could {it into a memory associated
with the battery 112.

The controller 114 of the battery 112 uses the network
address 119-2 of the external monitoring device 160 to
communicate with the external monitoring device 160. For
example, the network address 119-2 of the external moni-
toring device 160 can be an IP address of the external
monitoring device 160 that 1s used 1n the TCP/IP protocol to
identify a network node (e.g., such as the external monitor-
ing device 160).

In one embodiment, the controller 114 transmits the
notification 130 as a wireless signal to the external moni-
toring device 160, using a wireless transmission device 120.
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For example, the communications channel 135 over which
the battery 112 sends the notification 130 can be a wireless
protocol such as the 802.11b protocol.

After the external monitoring device 160 receives the
notification 130, transmitted by the controller 114, the
external monitoring device 160 returns an acknowledgment
150 back to the battery 112, of having received the notifi-
cation 130, as described with respect to FIG. 1. Once
receiving the acknowledgment 150 (i.e., reception condition
117-1) from the external monitoring device 160, or detecting
a reception condition 117-2 from the clock 124, the control-
ler 114 of the battery 112 discontinues 123 the communi-
cations iterface 120 to conserve battery 112 power.

FIG. 3 also depicts the discontinuation 123 of the com-
munications channel 1335. For example, in one embodiment
the controller 114 executes a command that deactivates the
communications channel 135 (1n order to stop communica-
tions over the network 140 to the external monitoring device
160) thereby discontinuing power usage.

In one embodiment of the invention, the controller 114
discontinues the established communications channel 1335
based upon a reception condition 117 of the external device
160. In one embodiment, the reception condition 117-1 1s the
reception of an acknowledgment 150 from the external
monitoring device 160 acknowledging receipt of the notifi-
cation 130. However, in the event of a failure or partial
tailure of the external monitoring device 160 the external
monitoring device 160 does not transmit an acknowledg-
ment 150 to the controller 114. According to another
embodiment of the invention, the controller 114 discontin-
ues the established communications channel 130 based upon
the passage of a predetermined time 117-2 prior to reception
of an acknowledgment 150 from the external monitoring
device 160. The predetermined time can be measured by a
time 124.

The battery 112, provides noftification to the external
monitoring device 160 regarding the operational condition
(1.e., the threshold condition 115) of the battery 112. The
external monitoring device 160 1s configured to take appro-
priate action 1n response to receiving the information. For
example, the external monitoring device 160 can provide a
warning to a maintenance person regarding the low power of
the battery and the location of the battery 110. The notifi-
cation 130 can be transmitted over great distances via a
network 140, such as the Internet, such that the condition of
the battery 112 1s monitored remotely by the external
monitoring device 160.

FI1G. 4 15 a flow chart of a procedure 400 performed by the
controller 114 for retrieving an 1dentifier 118 (e.g., a network
address) of the power source 116 as depicted in FIG. 3,
according to one embodiment of the invention.

In step 230, the controller 116 retrieves, from a storage
location 121, an identifier 118 for the power source (e.g.,
also equivalent to a network address for the battery 112) 116.
The storage location 121 can be a digital memory or other
storage device, located within the battery 112.

In step 232, the controller 114 associates the identifier 118
with the power source 116 (which eflectively operates as an
identifier 118 of either or both the power source 116 and
battery 112). The identifier 118 for the power source 116, in
one example embodiment, 1s MAC (1.e., Ethernet Media)
address which uniquely identifies the power source 116
and/or battery 112. The MAC address provides an 1dentifier
that serves as a possible index to additional reference
information about an idividual power source 116 and/or
battery 112 for processing by the external monitoring device

160.
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The MAC address serves as a global unique 1dentifier for
the power source 116 and/or battery 112, thereby distin-
guishing the power source 116 and/or battery 112 from other
devices, such as network interfaces, also using a MAC
address. In an alternative embodiment, other identifiers,
such as specifically assigned GUID’s (Globally Unique
Identifiers) uniquely identifies the power source 116 and/or
battery 112.

FIG. 5 1s a tlow chart of a procedure 500 performed by the
controller 114 for obtaiming a network address 119 of the
external monitoring device 160, as depicted in FIG. 3,
according to one embodiment of the invention.

In step 240, the controller 114 obtains, from a storage
location 121, a network address 119 of the external moni-
toring device 160. The storage location 121 such as a
computer memory or disk drive, stores the network address
119 until it 1s retrieved by the controller 114.

In step 242, the controller 114 accesses the external
monitoring device 160 using the network address 119 of the
external monitoring device 160. In one embodiment of the
invention the network address 119 1s an IP address of the
external momitoring device 160 which uniquely identifies
and provides access via an IP network such as the Internet
to communicate with the external monitoring device 160.

FIG. 6 1s a tlow chart of a procedure 600 performed by the
controller 114 in response to the power source 116 reaching
successive threshold conditions according to one embodi-
ment of the invention.

In step 250, the controller 114 detects the power source
116 reaching at least a second threshold condition 115. For
example, the second threshold condition 1s a value that 1s

less than the first threshold condition of the power source
116.

In step 252, the processor 114 transmits a notification 130
ol the second threshold condition 113 to the external moni-
toring device 160 via a communications interface 120 asso-
ciated with the processor 114. For example, assuming that
the processor 114 1s configured to detect and transmit a
notification 130 for a first threshold condition of 50% of
initial power of the power source 116, the processor 114 can
be configured to detect and transmit a notification for a
second threshold condition of 40% of initial power, thereby
notifying the external monitoring device 160 of the continu-
ing decline of the power source 116 power level. The
processor 114 can also detect and notily the external moni-
toring device 160 regarding the power source 116 reaching

additional threshold conditions 115.

FIG. 7 depicts a computer implementation of a power
source module 112 according to one embodiment of the
invention.

The example computer 710, configured to perform the
operations of the power source module 112, includes an
interconnection mechanism 260 (e.g., a data bus and/or
circuitry) which couples a memory 720 (e.g., any computer
readable medium such as random access memory (RAM)
and/or read only memory (ROM) or even a disk or storage
medium 170) having a power source module application
730, a controller 114 (e.g., processor such as a micropro-
cessor or central processing unit) capable of processing a
power source module process 711, and a communications
interface 120 (e.g., modem or other network interface). In
other words, the source module application 730 represents
soltware code, instructions and/or data that represent or
convey the processing logic steps and operations as
explained herein and that reside within memory or storage or
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within any computer readable medium accessible to the
computer device 170.

The communications interface 120 allows the computer
710 to communicate with the external monitoring device
160 over the network 140.

The memory 720 1s encoded with logic mstructions and/or
data that forms a power source module application 730
configured according to the embodiments of the invention
which operates a power source module process 711 1n the
processor 114.

As described above, the invention 1s directed to tech-
niques and mechamsms by which a battery can notily an
external monitoring device that the power source has
reached a predetermined threshold condition (e.g., a power
level). The battery notifies 130 the external monitoring
device 160 that such a first threshold condition of the power
source of the battery has occurred. Then the external moni-
toring device 160 transmits an acknowledgment to the
battery. In turn, the external monitoring device 1s configured
to act upon the notification received from the battery. As a
result, embodiments of the mvention provide a means for
monitoring power sources and responding to threshold con-
ditions 1n ways that would not otherwise be possible or as
sophisticated.

While this mvention has been particularly shown and
described with references to preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as
defined by the appended claims.

For example, embodiments of the mvention can also be
arranged to provide monitoring by the external monitoring
device for multiple batteries configured to communicating
with the external momtoring device. Also, the power source
module or battery may be connected by a variety of network
and other communications mechanisms 1ncluding, but not
limited to data communications devices that can be routers,
bridges, switches, access servers, gateways, hubs, concen-
trators, proxy servers, repeaters and so forth which exchange
data over an interconnection of data links. These may be
hard-wired connections or may also be provided using
wireless communication mechanisms. On the low end they
may also be as simple as wire connections between two
devices.

Various physical or hardware data communications con-
nection mechanisms allow devices to interconnect with the
network 140. Physical data communications connection
mechanisms can include modems, transceivers, network
interface cards, fiber optic cards, ports and other hardware
devices and many others which allow data to be transferred
at various data transier rates (1.e., bandwidth) to and from
the host and between data communications devices. For
example, certain devices or hosts may have high speed
network interfaces which provide connections to the net-
work at high data rate such as 100 megabits/sec, a gigabit/
second or higher, while other devices or hosts may use an
inexpensive modem that provides a maximum data transier
rate of 56.6 kilobits per second (Kbps), more or less, to and
from the network.

-

What 1s claimed 1s:

1. In a controller associated with a power source module
having a battery and a communications interface electrically
coupled to the controller, the power source module disposed
within a battery-powered sign, a method for notifying an
external momitoring device of a power condition of the
battery, the method comprising:
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detecting that a power level of the battery has reached a
threshold condition, the threshold condition indicating
a decrease 1 power of the battery relative to an 1nitial
power level;
activating the communications interface to establish a
communications channel with the external monitoring
device 1n response to detecting that the power level of
the battery has reached the threshold condition;
transmitting a notification, related to the threshold con-
dition of the battery, to the external monitoring device
through the communications channel, the notification
indicating that the power source module disposed
within the battery-powered sign requires replacement;
and
deactivating the communications interface to discontinue
the established communications channel based on a
reception condition related to the external monitoring
device;
wherein the power source module comprises the battery,
the controller, and the communications interface as part
of a replaceable unait;
detecting comprises detecting that the power level of the
battery has reached the threshold condition, the thresh-
old condition indicating a decrease 1n power of the
battery relative to an mitial power level, the threshold
condition being configured as the power level of the
battery that permits continued operation of the battery
powered device for a time period suflicient to allow
replacement of the battery;
activating the communications interface comprises acti-
vating the communications interface to establish a
communications channel with the external monitoring
through the Internet, activating further comprising
mitiating a Dynamic Host Configuration Protocol
request to obtain an Internet Protocol address, and
opening a Hyper Text Transter Protocol connection
with the external monitoring device;
transmitting the notification, related to the threshold con-
dition of the battery, to the external monitoring device
through the communications channel comprises:
generating the notification, the notification indicating,
that the power source module disposed within the
battery-powered sign requires replacement,
including a Media Access Control (MAC) address and
a Globally Unique Identifier (GUID) with the noti-
fication to identify a location of the power source
module on the Internet; and
transmitting the notification to the external monitoring
device using the Hyper Text Transfer Protocol; and
deactivating the communications interface to discontinue
the established communications channel comprises:
terminating operation of the communications interface
to discontinue the established communications chan-
nel to reduce consumption of power from the battery
by the communications interface.
2. The method of claim 1 wherein the step of deactivating,
the communications interface comprises:
deactivating the communications interface to discontinue
the established communications channel based upon
reception of an acknowledgment from the external
monitoring device, the acknowledgment indicating
receipt ol the notification.
3. The method of claim 1 wherein the step of deactivating,
the communications iterface comprises:
deactivating the communications interface to discontinue
the established communications channel based upon
the passage of a predetermined time prior to reception
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of an acknowledgment from the external monitoring
device, the acknowledgment indicating receipt of the
notification.

4. The method of claim 1 wherein the step of transmitting,

the notification comprises:

sending the notification as a wireless signal, to the exter-
nal monitoring device, the communications interface
configured as a wireless transmission device.

5. The method of claim 1 wherein the step of transmitting,

the notification comprises:

sending the notification, to the external monitoring
device, according to a procedure defined by at least one
network protocol.

6. The method of claim 1, further comprising:

obtaining, from a storage location, a network address of
the external monitoring device; and

wherein activating the communications interface com-
prises activating the communications interface to
access the external monitoring device using the net-
work address of the external monitoring device.

7. The method of claim 1 wherein the step of transmitting,

the notification further comprises:

obtaining location information for the power source mod-
ule from a storage location, the location information
indicating a geographic location of the battery-powered
s1ign; and

sending the location mformation for the power source to
the external monitoring device as part of the notifica-
tion.

8. The method of claim 1, further comprising;:

retrieving, from a storage location, a network address for
the power source module; and

associating the network address with the power source
module.

9. The method of claim 1 wherein the threshold 1s a first

threshold, turther comprising;:

detecting that the power level of the battery has reached
at least a second threshold condition, the second thresh-
old condition having a value that 1s less than the first
threshold condition of the battery, the second threshold
condition 1mndicating a decline in a power level of the
battery from the first threshold condition of the battery;
and

in response to detecting the second threshold condition,
activating the communications interface to establish a
communications channel with the external monitoring
device and transmitting a notification, related to the
second threshold condition, to the external monitoring
device via the communications interface.

10. A power source module of a battery-powered sign, the

power source module, comprising:
a battery configured to provide power to the battery-
powered sign;
a controller electrically coupled to the battery and to a
communications interface, the controller configured to:
detect that a power level of the battery has reached a
threshold condition, the threshold condition indicat-
ing a decrease 1n power of the battery relative to an
imitial power level;

activate the communications interface to establish a
communications channel with an external monitor-
ing device 1n response to detecting that the power
level of the battery has reached the threshold condi-
tion;

transmit a notification, related to the threshold condi-
tion of the battery, to the external monitoring device
through the communications channel, the notifica-
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tion indicating that the power source module dis-
posed within the battery-powered sign requires
replacement; and
deactivate the communications interface to discontinue
the established communications channel based on a
reception condition related to the external monitor-
ing device;
wherein the battery, the controller, and the communica-
tions 1nterface are part of a replaceable unit and
wherein the controller 1s configured to:
when detecting, detect that the power level of the battery
has reached the threshold condition, the threshold con-
dition indicating a decrease in power of the battery
relative to an 1mitial power level, the threshold condi-
tion being configured as the power level of the battery
that permits continued operation of the battery powered
device for a time period suflicient to allow replacement
of the battery;
when activating the communications interface, activate
the communications interface to establish a communi-
cations channel with the external monitoring through
the Internet and:
initiate a Dynamic Host Configuration Protocol request
to obtain an Internet Protocol address, and
open a Hyper Text Transter Protocol connection with
the external monitoring device;
when transmitting the notification, related to the threshold
condition of the battery, to the external monitoring
device through the communications channel:
generate the notification, the notification indicating that
the power source module disposed within the bat-

tery-powered sign requires replacement,
include a Media Access Control (MAC) address and a

Globally Unique Identifier (GUID) with the notifi-
cation to identily a location of the power source
module on the Internet; and

transmit the notification to the external monitoring
device using the Hyper Text Transfer Protocol; and

when deactivating the communications interface to dis-

continue the established communications channel:

terminate operation of the communications interface to
discontinue the established communications channel
to reduce consumption of power from the battery by
the communications interface.

11. The power source module of claim 10 wherein the
controller 1s configured to, when deactivating the commu-
nications interface:

deactivate the communications interface to discontinue

the established communications channel based upon
reception of an acknowledgment from the external
monitoring device, the acknowledgment indicating
receipt of the notification.

12. The power source module of claim 10 wherein the
controller 1s configured to, when deactivating the commu-
nications interface:

deactivating the communications interface to discontinue

the established communications channel based upon
the passage of a predetermined time prior to reception
of an acknowledgment from the external monitoring
device, the acknowledgment indicating receipt of the
notification.

13. The power source module of claim 10 wherein the
communications interface 1s configured to:

transmit the noftification as a wireless signal, to the

external monitoring device, using a wireless transmis-
sion device, the communications interface configured
as the wireless transmission device.
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14. The power source module of claim 10 wherein the
communications interface 1s configured to:

transmit the nofification, to the external monitoring
device, according to a procedure defined by at least one
network protocol.

15. The power source module of claim 10 wherein the

controller 1s configured to:

obtain, from a storage location, a network address of the
external monitoring device; and

when activating the commumnications interface, activate
the communications interface to access the external
monitoring device using the network address of the
external monitoring device.

16. The power source module of claim 10 wherein the

communications interface 1s configured to:

obtain location information for the power source module
from a storage location, the location information indi-
cating a geographic location of the battery-powered
sign; and

send the power source module location information to the
external monitoring device as part of the notification.

17. The power source module of claim 10 wherein the
communications interface 1s configured to:

retrieve a network address for the power source module;
and

associate the network address with the power source
module.

18. The power source module of claim 10, wherein the
threshold 1s a first threshold and wherein the power source
module 1s configured to:

detect that the power level of the battery has reached at
least a second threshold condition, the second threshold
condition having a value that 1s less than the first
threshold condition of the battery, the second threshold
condition indicating a decline in a power level of the
battery from the first threshold condition of the battery;
and

in response to detecting the second threshold condition,
activate the communications interface to establish a
communications channel with the external monitoring
device and transmit a notification, related to the second
threshold condition, to the external monitoring device
via the communications interface.

19. A system for monitoring a condition of a battery-

powered sign comprising:
a power source module having a controller, a communi-
cations interface coupled to the controller, and a battery
coupled to the controller; and
an external monitoring device coupled to the power
source module, via the communications interface,
through a network
wherein the controller of the power source module 1s
configured to:
detect that a power level of the battery has reached a
threshold condition, the threshold condition indicat-
ing a decrease 1n power of the battery relative to an
imtial power level;

activate the communications interface to establish a
communications channel with an external monitor-
ing device 1n response to detecting that the power
level of the battery has reached the threshold condi-
tion;
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transmit a notification, related to the threshold condi-
tion of the battery, to the external monitoring device
through the commumications channel, the notifica-
tion indicating that the power source module dis-
posed within the battery-powered sign requires
replacement; and

deactivate the communications interface to discontinue
the established communications channel based on a
reception condition related to the external monitor-
ing device;
wherein the controller of the power source module 1s
configured to:

when detecting, detect that the power level of the battery
has reached the threshold condition, the threshold con-
dition indicating a decrease in power of the battery
relative to an 1mitial power level, the threshold condi-
tion being configured as the power level of the battery
that permits continued operation of the battery powered

device for a time period suflicient to allow replacement
of the battery;

when activating the communications interface, activate
the communications interface to establish a communi-
cations channel with the external monitoring through
the Internet and:

initiate a Dynamic Host Configuration Protocol request
to obtain an Internet Protocol address, and

open a Hyper Text Transter Protocol connection with
the external monitoring device;

when transmitting the notification, related to the threshold
condition of the battery, to the external monitoring
device through the communications channel:

generate the notification, the notification indicating that
the power source module disposed within the bat-
tery-powered sign requires replacement,

include a Media Access Control (MAC) address and a
Globally Unique Identifier (GUID) with the notifi-

cation to identily a location of the power source
module on the Internet; and

transmit the nofification to the external monitoring
device using the Hyper Text Transfer Protocol; and

when deactivating the communications interface to dis-
continue the established communications channel:

terminate operation of the communications interface to
discontinue the established communications channel

to reduce consumption of power from the battery by
the communications interface.

20. A method according to claim 1, wherein the controller
receives operating power from the battery.

21. A power source module according to claim 10,
wherein the controller receives operating power from the
battery.

22. The method of claam 1, wherein the notification
comprises a “change me” message.

23. The power source module of claim 10, wherein the
notification comprises a “change me” message.

24. The system of claim 19 for monitoring a condition of
a battery-powered s1gn, wherein the notification comprises a
“change me” message.
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